Since the causative agent of Legionnaires disease, Legionella pneumophila, was isolated and identified over 11 years ago (2, 4, 12) , 24 additional species (2, 3, 20, 24) and 41 serogroups (20, 23, 24) of the genus Legionella have been reported. Genetic, phenotypic, and serologic data indicate that at least nine additional presently unnamed Legionella species have been isolated (2) . Many of the Legionella species were derived from the environment and have not been implicated in human disease; however, 15 species have been shown to cause human disease by direct isolation from patients or serologic testing (2, 19, 20, 24) . Legionella species are nonreactive in most biochemical tests (2, 3, 23) ; their phenotypic characteristics are very similar, and most cannot be differentiated on this basis (2, 3, 23) . Legionellae do not grow on common laboratory. media but require specialized media containing iL-cysteine and iron salts (2, 3, 5, 6, 18, 23) . Occasionally, species in other genera can mimic the growth, phenotypic, or serologic characteristics of members of the family Legionellaceae (22, 23) . Serologic identification can be done using direct immunofluorescence assay or the slide agglutination test (SAT); although cross-reactions occur in these, most can be removed by absorption (1, 21, 22) . Reagents used for these tests are not commercially available for ail Legionella species and serogroups, and production of the species-specific antisera and absorbing antigens is time-consuming and expensive (2, 3, 21, 22) . A suspected isolate with phenotypic characteristics like those of legionellae and which does not stain or agglutinate in serologic tests could represent a new serogroup or species or a different genus. Although DNA hybridization reactions can determine new serogroups of previously described Legionella species (2, 3) , results from genetic testing must be used in conjunction with other tests to define new species. This is necessary due to the low levels of genetic relatedness of most of the Legionella species (2, 3) .
Two useful tests that can tentatively identify Legionella * Corresponding author.
species are chemical analyses of cellular fatty acid composition and isoprenoid quinone content (7, 15, 16) . These bacteria differ from other gram-negative organisms by their large amounts of branched-chain fatty acids and only trace or minor amounts of hydroxy acids (15) . Their isoprenoid quinone content is also unusual because Legionella species contain ubiquinones with side chains of 10 or more isoprenoid units (7, 15) . In this report we summarize the cellular fatty acid compositions and ubiquinone contents of 23 of the named Legionella species, and we describe the usefulness of these chemical data in differentiating among them. (15) or a 25-m by 0.2-mm methyl phenyl silicone (SE-54) fused silica capillary column and the HewlettPackard 5898A microbial identification system (13) . In addition, many of the FAME samples were analyzed on both systems, and the resultant cellular fatty acid data were found to be almost identical. The identities of the FAME were confirmed by hydrogenation of unsaturated acids (8) , trifluoracetylation of hydroxy acids (8) , and mass spectrometry (14) .
MATERIALS AND METHODS
Isoprenoid quinone analysis. Cultures were grown on three to eight plates (15 by 100 mm) of CYE or BCYE for 48 to 72 h. Cells (0.3 to 1.0 g, wet weight) were harvested with sterile distilled water and placed in a 20-by 150-mm screw-cap tube fitted with a Teflon-lined cap. The quinones were extracted, analyzed by reverse-phase high-performance liquid chromatography, and identified by mass spectrometry as described previously (7, (15) (16) (17) .
RESULTS AND DISCUSSION The overall fatty acid compositions of the 23 Legionella species were similar, with most species containing high concentrations (>50%) of branched-chain fatty acids. The major or predominant acids included 14-methylpentade- canoic (Cj16:0), 12-methyltetradecanoic (Cal5:0), and 14-methylhexadecanoic (Cal7:0) acids; trace (<0.5%) to 8% amounts of several other branched-chain fatty acids, including 12-methyltridecanoic (Cj14:0), 13-methyltetradecanoic (Cii5:0), 14-methylpentadecanoic (Cj16:1), 15 -methylhexadecanoic (Cj17:0), 16 -methylheptadecanoic (Cj18:0), and 16-methyloctadecanoic (Cal9:O) acids, were also present. Straight-chain and other acids detected included tetradecanoic (C14:1), tetradecanoic (C14:0), pentadecanoic (C15:1), pentadecanoic (C15:0), isomers of hexadecanoic (C16:1), hexadecanoic (C16:0), heptadecanoic (C17:0), nonadecanoic (C19:0), and eicosanoic (C20:0) acids and a 17-carbon cyclopropane acid tentatively identified as cis-9,10-methylene hexadecanoic (Cl7:0cyc) acid. Small amounts (trace to 5%) of branched-or straight-chain, ester-linked hydroxy acids were detected in some species when cells were saponified with 15% NaOH in 50% aqueous methanol (9) . Generally, they were not observed in all strains of a given species. Only in the case of L. longbeachae, L. santicrucis, L. bozemanii, and L. dumoffii were ester-linked hydroxy acids useful for classification and differentiation.
Examination of the qualitative and quantitive fatty acid data showed that the 23 species could be placed into three (5) 6 (4) 1 (1) (8) . The identity was confirmed by combined gas-liquid chromatography and mass spectrometry (14) . The (Fig. 1C) . Di-OH C150 was identified by acetylation of the two free hydroxyl groups and by observing the chromatographic retention time shifts ofthe resulting triester derivative. Combined gas-liquid chromatography and mass spectrometry was used to confirm the identification (14) . The di-OH C15:0 acid was not detected in L. bozemanii (Fig. 1D) or in any of the other Legionella species tested.
L. israelensis and L.jamestowniensis ( The isoprenoid contents of 23 Legionella species are summarized in Table 4 . Ail species contained ubiquinones with 9 to 14 isoprene units in the side chains, and no menaquinones were detected (15, 16) . Five different ubiquinone groups were observed. The first was designated group A and contained Q12 as the major ubiquinone, with small amounts of Qll and Q13. Ubiquinone group B contained Q9, QlO, Qll, and Q12, and all but two species contained trace to 1% amounts of Q13. In general, the concentrations of Q9, Q1O, Qll, and Q12 were approximately the same for the 10 species in ubiquinone group B. The concentration of Q9, however, was somewhat lower in L. parisiensis, L. santicrucis, and L. steigerwaltii, whereas L. cherrii and L. steigerwaltii contained lower concentrations of Q1O than were present in the others. The C group included only two species and was characterized by large amounts of Q1o, smaller amounts of Q9 and Qll, and only trace amounts of Q12.
Group D included seven species that contained Q13 as the major component. Most of the species also contained Q12 as a major component and Qll and Q14 as minor components. Four of the species in group D (L. israelensis, L. jamestowniensis, L. jordanis, and L. micdadei) contained approximately equal concentrations of Q12 and Q13; in the other three (L. hackeliae, L. maceachernii, L. spiritensis), the relative concentration of Q12 was always less than one-half that of Q13. The E group contained Q13 as the major component with smaller amounts of Q14 and only trace amounts of Q12.
Differentiation of the Legionella species on the basis of both FAME composition and ubiquinone content is summarized in the decision trees shown in Fig. 2, 3, and 4 . The placement and differentiation of some species, especially those in which only one to three strains are available, are preliminary and may change when additional strains are isolated and tested. L. feeleii was distinguished from all other named Legionella species by both its fatty acid and quinone patterns (Fig. 2) . This species does not share close genetic (2) or serologic (21) relationships with any of the others of the 23 named Legionella species but was found to have a high level of DNA relatedness (72%) to unnamed species 31 (2) . Recently, we observed that the fatty acid composition of species 31 is the same as that of L. feeleii (unpublished observations), and some evidence shows serologic cross-reactivity between them. L. oakridgensis (Fig. 2) can be differentiated from L. wadsworthii (Table 4) and from all other Legionella species by its FAME composition. L. oakridgensis has low values of DNA relatedness to the other species (2) but is antigenically related to L. sainthelensi (21) . However, L. oakridgensis is different from L. sainthelensi and other Legionella species because it is nonmotile (2) .
L. pneumophila and L. spiritensis can be distinguished by differences in their ubiquinone patterns (Fig. 2) . These two species also differ in the hippurate reaction (2) and are not closely related genetically (2, 3) 2, 3, 21) .
L. wadsworthii differs from all other species by its FAME composition and is the only species in the A15 group with a ubiquinone group C profile (Fig. 3) Fig. 1C and 3 ). L. bozemanii and L. dumoffii differ genetically (2) , serologically (21) , and phenotypically in producing oxidase and ,B-lactamase. They both exhibit blue-white autofluorescence (2) (2) .
L. israelensis and L. jamestowniensis are closely related chemically (Table 3 , Fig. 4 ) but not by genetic (1, 2) or serologic (1, 21) tests. These two species can be differentiated phenotypically because L. israelensis does not produce a brown pigment on tyrosine-containing medium (1, 2) .
With the exception of L. dumoffli and L. longbeachae, the other Legionella species contained only trace amounts of hydroxy fatty acids that were liberated by alkaline saponification (i.e., ester linked). This feature and the large amount of branched-chain nonhydroxy acids distinguish legionellae from other gram-negative bacteria (2, 15). Mayberry (10, 11) reported the presence of both monohydroxy and dihydroxy fatty acids in legionellae after acid hydrolysis (i.e., wall associated,.amide linked) and used the hydroxy fatty acid profiles for differentiating some species (11, 20, 24) . We have not used the acid-labile hydroxy fatty acids of Legionella in our identification scheme, since their accurate determination requires extensive and time-consuming analytical procedures that include multiple hydrolyses, extractions, and thin-layer chromatography (10, 11 however, without a computer-based identification system is tedious, time-consuming, and subject to human error and bias. For these reasons we are currently using the HewlettPackard microbial identification system to develop a computer-based scheme for identifying legionellae by cellular fatty acid composition. When completed, the Legionella library will be available for use in the microbial identification system.
